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1. INTRODUCTION
Moderate exercise may prolong the life span (1, 2). Jogging is
a popular form of exercise performed by both the young and eld-
erly for health improvement. However, sudden cardiac death (SCD)
during exercise has been reported. Trainers usually prepare an
automated external defibrillator (AED) in the event of sudden car-
diac arrest, and an AED sometimes saves lives. We describe an
autopsy case of acute ischemic heart disease during jogging train-
ing, with death despite early cardiopulmonary resuscitation and
use of an AED. We emphasize the importance of comprehensive
medical assessment for the elderly before starting an exercise
program.
2. CASE REPORT
A 66-year-old Japanese man collapsed on the field during first -
time jogging training. He had been running for an hour when he
collapsed. The jogging school trainer found him unconscious, pulse-
less, and apneic, and started basic life support. An AED was applied
and defibrillation was attempted once, but he remained pulseless.
Twenty- four minutes elapsed from the start of resuscitation until
arrival at the hospital by ambulance. He was in cardiopulmonary
arrest on arrival, and attempts at advanced life support were futile.
He had been healthy all his life, and had no history of hyperten-
sion, diabetes mellitus, or hyperlipidemia on previous workplace
medical screening, according to his wife, and used to be a long-
distance bicycler. He had no family history of including sudden
death, cardiomyopathy or Brugada syndrome, and he was not a
smoker all through his life. To evaluate the cause of sudden death,
an autopsy was performed the next day.
Autopsy findings
The patient was 165.0 cm in height and 54.0 kg in weight. His
heart weighed 439 g (normal weight : 385.7778.87 g) (3), and
contained dark red fluid blood (20 ml on the left and 160 ml on the
right). The thickness of the ventricular wall was 2.2 cm on the left
and 0.7 cm on the right. Both ventricles showed concentric hy-
pertrophy, but no myocardial degeneration or scarring was found
(Fig. 1). All coronary arteries were atherosclerotic, and about 50%
stenosis was found in the left anterior descending and left cir-
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Fig. 1
Cross-section of the heart : both ventricles showed concentric myo-
cardial hypertrophy. No degeneration or fibrosis was found.
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cumflex arteries, however, no arterial occlusion or plaque rupture
was found. Both lungs showed severe congestion (left 1,089 g,
right 823 g). The other organs showed no obvious pathology ex-
cept for congestion.
Histological findings
Tissue samples were fixed with phosphate-buffered formalin
and embedded in paraffin ; 5 -μm-thick paraffin sections were
stained with hematoxylin-eosin or Berlin blue stain. Contraction
bands were present in the left ventricle (Fig. 2). No interstitial fi-
brosis or myocardial fiber disarray was found in the myocardium.
Severe congestion, hemorrhage, and siderophages were found in
the lungs (Fig. 3).
We diagnosed he died from not acute myocardial infarction but
acute myocardial ischemia, because of absence of myocardial de-
generation or necrosis and presence of coronary arthrosclerosis
without coronary occlusion.
3. DISCUSSION
Since the 1970s, appropriate physical activity has been known
to reduce coronary heart disease mortality (3) ; however, sports
activity has concurrently been reported as a cause of sudden death
(4, 5). In adults, the rate of acute myocardial infarction during vig-
orous exertion in those who did not exercise regularly was 2-10
times higher than that during sedentary activity (6). Thus, physical
exercise is considered a double-edged sword.
Incidence of sports-related SCD
The association between intensity and frequency of exercise and
cardiac events during sports activities has been reported. Habitual
physical activity has been reported to reduce atherosclerotic coro-
nary disease and risk of acute myocardial infarction (7). Individuals
who practice light jogging for 1-2.4 hours per week at a slow or
moderate pace have a lower mortality rate than sedentary non-
joggers or moderate and vigorous joggers (8).
The incidence of sports-related SCD has been reported. In an
evaluation of 188 SCD cases aged 10 to 50 years in Lausanne, Swit-
zerland from 1995 to 2010, 22 (12%) were sports-related. Of these
22, 91% died during leisure sports (9). In another study of 8,862
autopsied SCD cases aged 9 to 69 years in Spain from 1995 to 2010,
168 (1.8%) were sports-related. The causes of death were coronary
atherosclerotic disease (50.5%), arrhythmogenic cardiomyopathy
(7.7%), hypertrophic cardiomyopathy (7.1%), idiopathic left ven-
tricular hypertrophy (6.5%), congenital coronary anomalies (4.1%),
myocarditis (3.5%), aortic stenosis (2.9%), other causes (6.5%), and
unknown causes (11.3%). Among those who died from coronary
atherosclerotic disease, 74 of 85 victims were over 35 years old
(10). A prospective study in France from 2005 to 2010 among those
aged 10 to 75 years reported that 4.6 persons per million general
population per year died during sports-related activities (11).
Younger persons who die during sports-related activities are
almost all competitive athletes, and the major causes of death are
associated with a hereditary or congenital cardiomyopathy, coro-
nary anomaly, or similar pathology (10, 12). On the other hand,
non-competitive, leisure sports-related deaths almost always in-
volve men, and the mortality rate increases with age. The majority
are men possibly because they are more vigorous and play longer
than women (13). The rate of atherosclerotic coronary disease
increases with age as the cause of sports-related death (6-12).
Exercise intensity and SCD
Exercise intensity is usually described in terms of metabolic
equivalents (METs). Light or moderate jogging at under 6 METs
was reported to increase longevity (8). The current case usually
rode a bicycle for leisure. The exercise intensity of leisure cycling
at less than 10 miles per hour (16.1 kilometers per hour) is 4.0
METs. In contrast, the intensity of combined walking and jogging
is 6.0 METs and that of jogging alone is as high as 7.0 METs (14).
His first time jogging was vigorous exercise compared to his usual
leisure cycling.
His cardiac ventricles showed concentric hypertrophy. Hy-
pertrophic cardiomyopathy and hypertension were well -known
as the cause of myocardial concentric hypertrophy. In this case
histological findings showed no interstitial fibrosis and myocardial
fiber disarray, so we supposed he had so-called “masked hyper-
tension”. Recently masked hypertension that shows normotension
in workplace medical screening, and hypertension out of work-
place, was reported to be associated with increased risk for car-
diovascular disease (15). This may be the reason why this case had
atherosclerotic change and stenosis in coronary arteries. There
were not myocardial degeneration, fibrosis and coronary artery
occlusion macroscopically. Therefore, we excluded acute myo-
cardial infarction as his cause of death. Concentric hypertrophy
Fig. 2
Histological findings in the left ventricle : contraction bands (black ar-
row) were found (hematoxylin -eosin stain). No interstitial fibrosis or
myocardial fiber disarray was found in the myocardium.
Fig. 3
Histological findings in the lungs
A : Severe congestion and hemorrhage into vesicles was found (hema-
toxylin -eosinstain).
B : Siderophages were found (Berlin blue stain).
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due to masked hypertension and insufficient coronary blood supply
during vigorous exercise due to coronary atherosclerosis may
cause acute myocardial ischemia and fatal arrthythmia such as
ventricular fibrillation. He had no history of heart disease or other
physical problems. However, siderophages were present in the
lungs, and are known as “heart failure cells” in histological study.
This finding suggested that he had pulmonary congestion. He may
have had symptoms such as dyspnea and chest pain, but kept run-
ning because of overconfidence.
Value of the AED
The AED was used once during bystander resuscitation without
benefit. The fact that the AED discharged means he had ventricular
fibrillation or pulseless ventricular tachycardia during resuscita-
tion ; however, the electrocardiogram obtained by the rescue squad
indicated cardiac standstill. AEDs have become widely available,
and the media have reported that many lives have been saved. The
value of the AED during sports events has been reported. In the
USA, 1,710,052 runners participated in marathons from 1976 to
2009, and 30 had sudden cardiac arrest. An AED was used in 20 ;
17 survived and 3 died. On the other hand, 7 of the 10 who arrested
and did not use the AED died. The risk factors for sudden cardiac
arrest and failed AED use were male sex and older age. The sur-
vival rate for SCD during sports with use of the AED was signifi-
cantly higher than that without use of the AED (16). However, the
AED is not always helpful in sports-related sudden cardiac arrest,
especially in elderly men.
Prevention of sports-related SCD
To prevent sports-related SCD, especially in the elderly, prepar-
ticipation screening is very important. A medical screening trial
for first - time participants over 45 years old before cross-country
running was performed in Sweden in 2010 (17). The initial medical
screening comprised 12- lead electrocardiography, blood pressure
measurement, echocardiography, blood testing, medical history-
taking, and a physical examination. Based on the reported criteria
(18), those who needed further medical assessment were referred.
Four of 154 participants refused to join sports events, and there
were no cardiac occurrences. If the present case had undergone
the same screening as above, concentric left ventricular hypertro-
phy would have been diagnosed with echocardiography, and par-
ticipation might have been prevented by stress electrocardiography
on further assessment. We emphasize that further medical screen-
ing should be provided for middle-aged or elderly individuals prior
to participation in vigorous activities, to prevent unexpected sports-
related SCD.
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